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(54) METHOD AND APPARATUS FOR FORMING ELECTRODE OF p-FeSi2 ELEMENT 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a method and an 
apparatus for forming electrodes of a p-FeSi2 element of 
the electrodes which have high reliability and will not 
cause disconnections. 

SOLUTION: In making phase transition for (3~FeSi2 material 
to a-Fe2Si5 metal phase by heating the whole or a part of 
the surface layer of the p-FeSi2 material in air or an 
inert gas atmosphere and subsequently cooling the phase- 
changed part to room temperature to form electrodes of 
high electrical conductivity, a heating source is applied 
to one point of the surface of a specimen loaded on a 
stage to change the phase to a-Fe2Si5, and then the 
heating source is moved to a next heating position, which 
is not a mutually adjacent position but a point at a 
position B which is remote enough so as not to be 
influenced by heat. The point in position B is heated, 
and during the heating, the previously heated point A is 
cooled. The heating source is then applied to a point, 
which touches the already cooled point A to make the 

heat ing/metal I ization. By repeating this operation of heating and cooling, a desired 
electrode pattern is formed by ranging the metallized parts. 



LEGAL STATUS 

[Date of request for examination] 03.08.2001 

[Date of sending the examiner's decision of 
reject ion] 

[Kind of final disposal of application other 
than the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 
decision of rejection] 

[Date of requesting appeal against 



http://www 1 9.ipdl.jpo. go.jp/PAl/result/detail/main/wAAALPaaEZDA4 1 505 1 462P 1 .htm 



03/12/2004 



Searching PAJ Page 2 of 2 

examiner's decision of rejection] 
[Date of extinction of right] 

Copyright (C) ; 1998,2003 Japan Patent Office 



http://wwl9apdljpo.gojp/PA^ 



03/12/2004 



Page 1 of 5 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention is beta-FeSi 2 which is in the limelight in the 
electronics field. Beta-FeSi 2 for starting the production method of a thin film semiconductor element device, and 
forming in up to a thin film substrate the electrode to which the in-and-out style of the current is carried out It is 
related with the electrode formation method of an element, and its equipment. 
[0002] 

[Description of the Prior Art] A common semiconductor device forms the material thin film of functionality on 
the plane substrate material of a silicon (Si) substrate or others, and gives and constitutes detailed electrode 
wiring of luminescence, light-receiving, memory, IC circuit device, etc. on it. In order to perform this wiring, the 
metal conductor thin film needed to be made to deposit on the element surface using a galvanizing method, the 
vacuum deposition, and the spatter ion rating method, after that, using a phot lithography technology, the metal 
thin film was processed into the detailed pattern, and the element has been formed. 
[0003] On the other hand, recently and beta-FeSi 2 When performing electrode wiring for a thin film 
semiconductor element (device), the electrode forming method no necessity that the portion heated when the laser 
beam was extracted and one point of a semiconductor thin film was heated deposits a metal thin film in non- 
contact using the property changed into a metal phase is is proposed. 

[0004] When this electrode formation method was compared with the high method of the manufacture cost on 
which much time amount, such as an expensive HOTORISO graph (pattern mask production-resist spreading- 
exposure-etching) production process, and costs were spent and which performed metal membrane formation in 
the vacuum like before, and was conducting inspection between processes, it was a desirable method. 
[0005] 

[Problem(s) to be Solved by the Invention] As mentioned above, although the conventional technology will be 
some time amount by the time the once metalized portion gets cold when performing this continuation sweep 
although a hot spot is shifted little by little as it is, it glares continuously and a metalization portion is connected 
(continuation sweep) if a semiconductor thin film is heated with the focus of a laser beam and that point 
metalizes, it will be exposed to an elevated temperature. 

[0006] However, alpha-Fe 2 Si5 A phase is beta-FeSi 2 again, when it is left at about 650-900 degrees C. It will 
return to the semiconductor layer of a phase, the conductivity as an electrode will be lost, and an electrode will be 
disconnected as a result. That is, when the electrode pattern was formed by the continuation sweep of laser 
heating, the open circuit might arise. 

[0007] Moreover, to make the pattern of the complicated configuration where the curve became intricate, it is 
necessary to connect a laser-heating portion at an one-point one-point spot rather than it carries out a sweep by 
continuous irradiation. In that case, if the spot metalized once is adjoined and the following point is heated, the 
overlapping portion will be held at high temperature, and will semiconductor-ize again. It is the cause of inducing 
an open-circuit part like [ this ] the above. 

[0008] This invention is beta-FeSi 2 of the high-reliability which an open circuit does not produce in view of the 
above-mentioned condition. It aims at offering the electrode formation method of an element, and its equipment. 
[0009] 

[Means for Solving the Problem] This invention is beta-FeSi 2 of [1] semiconductor, in order to attain the above- 
mentioned purpose. Are the electrode formation method of an element and it sets in atmospheric air or an inert 
gas ambient atmosphere. Said beta-FeSi 2 It is said beta-FeSi 2 by heating all or a part of material-list side 
portions. It is alpha-Fe 2 Si5 about a material. Phase transition is carried out to a metal phase. Then, a source of 
heating is applied to one on the surface of a sample put on a stage when cooling this portion that carried out phase 
transition, returning to a room temperature and making it a conductive good electrode, and it is alpha-Fe 2 Si5. A 
location which phase-izes and then is heated without making it a connected adjacent location By cooling of a 
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point which was made to move a source of heating to one point of a location left, so that heat did not spread, 
heated, and was heated previously in the meantime By subsequently applying a source of heating in contact with 
an already cooled point, heating/metalization is performed and it is characterized by forming an electrode pattern 
of a request of actuation of this heating cooling with a repeat by connection of a metalization portion. 
[0010] [2] Beta-FeSi 2 of a semiconductor Are the electrode formation method of an element and it sets in 
atmospheric air or an inert gas ambient atmosphere. Said beta-FeSi 2 It is alpha-Fe 2 Si5 by heating all or a part 
of material-list side portions. Phase transition is carried out to a metal phase. Then, in case this portion that 
carried out phase transition is cooled, and it returns to a room temperature and is made a conductive good 
electrode After expanding a laser beam with a beam expander and considering as a parallel ray using a lens, A 
beam is condensed in the shape of [ thin ] a straight line using a cylindrical lens, and it is beta-FeSi 2 to a focal 
location of the shape of this straight line. A material is placed and heated and it is alpha-Fe 2 Si5. It is 
characterized by forming a metal phase and forming a straight line-like electrode pattern. 

[001 1] [3] Beta-FeSi 2 of the above-mentioned [2] publication In an electrode formation method of an element, it 
is characterized by constituting so that power distribution of the shape of a straight line when condensing in the 
shape of a straight line may become uniform by using said cylindrical lens as a lens of a beam expander to which 
said laser beam is expanded. 

[0012] [4] Beta-FeSi 2 of a semiconductor Are the electrode formation method of an element and it sets in 
atmospheric air or an inert gas ambient atmosphere. Said beta-FeSi 2 It is alpha-Fe 2 Si5 by heating all or a part 
of material-list side portions. Phase transition is carried out to a metal phase. Then, in case this portion that 
carried out phase transition is cooled, and it returns to a room temperature and is made a conductive good 
electrode After expanding a laser beam with a beam expander and considering as a parallel ray using a lens, A 
Fresnel lens with which image formation in a focus serves as a circle is used, and it is beta-FeSi 2. Exposure 
heating of the material-list side is carried out, and it is alpha-Fe 2 Si5 about a portion of this exposure heating. It 
is characterized by forming a metal phase and considering as a circle-like electrode pattern. 
[0013] [5] Beta-FeSi 2 of a semiconductor Are electrode formation equipment of an element and it sets in 
atmospheric air or an inert gas ambient atmosphere. Said beta-FeSi 2 With a means to heat all or a part of 
material-list side portions, and this means to heat Said beta-FeSi 2 It is alpha-Fe 2 Si5 about a material. Phase 
transition is carried out to a metal phase. Then, a source of heating is applied to one on the surface of a sample 
put on a stage when cooling this portion that carried out phase transition, returning to a room temperature and 
making it a conductive good electrode, and it is alpha-Fe 2 Si5. A location which phase-izes, next is heated 
without making it a connected adjacent location By cooling of a point which was made to move a source of 
heating to one point of a location left, so that heat did not spread, heated, and was heated previously in the 
meantime By subsequently applying a source of heating in contact with an already cooled point, it has a means to 
perform heating/metalization, and is characterized by forming an electrode pattern of a request of actuation of 
said heating cooling with a repeat by connection of a metalization portion. 

[0014] [6] Beta-FeSi 2 of a semiconductor Are electrode formation equipment of an element and it sets in 
atmospheric air or an inert gas ambient atmosphere. Said beta-FeSi 2 With a means to heat all or a part of 
material-list side portions, and this means to heat Said beta-FeSi 2 It is alpha-Fe 2 Si5 about a material. A beam 
expander to which a laser beam is expanded in case phase transition is carried out to a metal phase, and this 
portion that carried out phase transition is cooled, and it returns to a room temperature and is made a conductive 
good electrode after that, After making into a parallel ray a laser beam expanded by this beam expander using a 
lens, It has a cylindrical lens which condenses a beam in the shape of [ thin ] a straight line, and is beta-FeSi 2 to 
a focal location of the shape of a straight line of this cylindrical lens. A material is placed and heated and it is 
alpha-Fe 2 Si5. It is characterized by forming a metal phase and forming a straight line-like electrode pattern. 
[0015] [7] Beta-FeSi 2 of the above-mentioned [6] publication In electrode formation equipment of an element, it 
has said cylindrical lens as a lens of a beam expander to which said laser beam is expanded, and is characterized 
by constituting so that power distribution of the shape of a straight line when condensing in the shape of a straight 
line may become uniform. 

[0016] [8] Beta-FeSi 2 of a semiconductor Are electrode formation equipment of an element and it sets in 
atmospheric air or an inert gas ambient atmosphere. Said beta-FeSi 2 With a means to heat all or a part of 
material-list side portions, and this means to heat Said beta-FeSi 2 It is alpha-Fe 2 Si5 about a material. A beam 
expander to which a laser beam is expanded in case phase transition is carried out to a metal phase, and this 
portion that carried out phase transition is cooled, and it returns to a room temperature and is made a conductive 
good electrode after that, After making into a parallel ray a laser beam expanded by this beam expander using a 
lens, It has a Fresnel lens with which image formation in a focus serves as a circle, this Fresnel lens is used, and it 
is beta-FeSi 2. Exposure heating of the material-list side is carried out, and it is alpha-Fe 2 Si5 about a portion of 
this exposure heating. It is characterized by forming a metal phase and considering as a circle-like electrode 
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pattern. 
[0017] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to details, 
referring to a drawing. 

[0018] The feature of this invention is beta-FeSi 2 of a device material. A crystal transformation occurs by 
heating actuation and a thin film is alpha-Fe 2 Si5 of a metal body. It is in the place using changing. 
[0019] By laser heating which shows the 1st example of this invention, drawing 1 is beta-FeSi 2. It is alpha-Fe 2 
Si5 in a part of phase. It is the mimetic diagram using changing into a phase of electrode formation equipment. 
[0020] At this example, it is beta-FeSi 2 beforehand. The sample board 1 with which the film is growing on Si 
crystal substrate is being fixed to the stage 10 driven so that it may be controlled by the computer 9 and the 
electrode pattern 2 may be drawn. Nd similarly controlled by the computer 9: The laser beam 6 injected from 
YAG laser 8 passes the beam switch 7 similarly controlled by the computer 9 through the mirror 5 which builds 
the optical path of equipment the optimal, are collected with a condenser lens 4, and connect a focus to the hot 
spot 3 of a sample side. The scattered light reflected from a sample side is absorbed by the absorber 11. 
[0021] Drawing 3 is beta-FeSi 2 which shows the 1st example of this invention. It is explanatory drawing of the 
electrode formation method of an element. 

[0022] In this example, although each is separated enough, he sets to A and B two of the locations [ have ] which 
are connected as an electrode and it does not become impossible that are kicked. Moreover, the passage of time is 
shown in (1) - (7). 

[0023] First, as shown in (1), the point which irradiated the laser beam first is ** spot of Location A. When this 
point is heated at 982 degrees C or more - 1200 degrees C or less, it is alpha-Fe 2 Si5. It changes to a phase. 
[0024] Next, as shown in (2), the beam spot is moved to the location B** location distant from location A** 
enough, and heating is started. In the meantime, location A**' in the condition that temperature descended shows 
a location A** point. While heating location B**, ten spots are quenched and remain also at a room temperature 
with a metal phase. 

[0025] Next, as shown in (3), a laser beam is moved to location A** from location B**, and heating is started. 
Under the present circumstances, although location A** is in the location which overlapped location A** in part, 
since location A** is cooled, it is still a metal phase. Location B**' is cooled while heating location A**. 
[0026] Next, if location A** is fully heated, the point which moved to location B** which shows a spot to (4), 
and overlapped location B** will be heated. In the meantime, location A**' is cooled. 

[0027] Hereafter, similarly, as are shown in (5), and the location A** point which touched location A** is heated, 
next it is shown in (6), a location B** point is heated and the metalized spot is connected. Thus, by repeating 
actuation of moving to the fully distant location, by control of a computer 9, if exposure heating of the one point 
is carried out, the following hot spot can form the electrode pattern with which the metalized point stood in a row, 
as shown in (7). 

[0028] Drawing.! is a thing illustrating this relation, and the binary condition of Fe and Si is shown. 
[0029] As shown in this drawing, it is semiconductor beta-FeSi 2. The presentation of the sample in which the 
thin film was formed exists in the A point on a phase diagram. When this material is heated by the laser annealing 
method etc. and it results in C point exceeding a parent phase decomposition temperature (982 degrees C) B 
point, for the heated portion, a slight epsilon-FeSi phase and slight most are alpha-Fe 2 Si5. It becomes the mixed 
crystal phase of a phase. Alpha-Fe 2 Si5 made by being changed here A phase is used as an electrode material. 
[0030] Alpha-Fe 2 Si5 in this case The phase diagram location of the portion which became a phase becomes E 
points. Beta-FeSi 2 which is an original stable thermal equilibrium phase when the material converted into alpha 
phase is quenched as it is and made into 620 degrees C or less It is alpha-Fe 2 Si5, without becoming the mixture 
of Si. It remains as. Since this crystal phase is a metal, it functions as an electrode material. 
[003 1] However, when long duration neglect is carried out at 900 degrees C - about 650 degrees C without 
quenching at 620 degrees C or less in this case, it is alpha-Fe 2 Si5. A phase is beta-FeSi 2 again. Since a 
decomposition deposit is carried out at a semiconductor phase and Si, it stops showing the metal property as an 
electrode. Beta-FeSi 2 A phase to alpha-Fe 2 Si5 In order to use as an electrode the portion converted into the 
phase, it is important quickly to cool at 620 degrees C or less. 

[0032] Thus, in order to avoid the defect of a continuation sweep exposure, after metalizing one point, there is the 
method of carrying out rapid heating of the point which adjoined the spot which took time amount enough and 
got cold, and taking, metalizing and carrying out sudden cooling of sufficient time amount. When this actuation is 
continued, it is a good translation, but if it carries out like this, in order to generate a suitable distance between 
metalization activities and to make an electrode pattern, it will take much time amount. 

[0033] So, in the 1st example, a laser spot is not made next to each other, but the following shot which made the 
spot is taken in the location distant for 10 minutes which heat does not reach. If the spot made previously is 
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adjoined and the beam is irradiated in the place where fever fully went down, the train of the continuous metal 
spot will be made. Therefore, beta-FeSi 2 Alpha-Fe 2 Si5 by which carried out the spot exposure and the laser 
beam was beforehand made on the semiconductor material surface By making the spot of a phase overlap and 
constituting an electrode, the conventional problem of beta-izing again and disconnecting is solvable. 
[0034] Generally it is easily available, and by the laser power which can be used, when a laser beam is narrowed 
down using a lens, the magnitude of the image of a focal location is a diameter of a laser spot when it becomes 
several micrometers - 10 micrometers of numbers and this metalizes. Therefore, in order to connect width of face 
required as an electrode pattern, and the distance of several mm for this spot group and to make an electrode 
pattern, heating cooling actuation of hundreds - 1000 numbers will be needed, and that activity will take a great 
man day and time amount. So, in this invention, such a problem is solved according to the following example 
[2nd]. 

[0035] Drawin gs is beta-FeSi 2 which shows the 2nd example of this invention. It is the mimetic diagram of the 
electrode formation equipment of an element. 

[0036] Here, it is alpha-Fe 2 Si5 by one-time heating cooling actuation about the distance of a certain pattern. 
The method of carrying out phase metalization is effective. 

[0037] The graphic form frequently made in a device electrode pattern is a part for a bay. So, in this example, it is 
going to create a part for that bay by one laser radiation. 

[0038] That is, the lens 24 for considering as a parallel ray is put on the place where the discharged laser beam 27 
passed the expander lens 26 at, and fully spread from the source 28 of laser. In order to make the optimal spatial 
distance from the source 28 of laser to a device, and arrangement, the reflecting mirror 25 into which the 
direction of a laser beam 27 is changed may be used. 

[0039] If a cylindrical lens 23 is put on the place where light fully spread, laser beam 24A will condense in the 
shape of a straight line at the place to which the focus was connected, the focal location 22 of the shape of this 
straight line — beta-FeSi 2 if the semiconductor film 21 is arranged — a one-time exposure — the number of width 
of face — the metal part as an electrode with 10 micrometers and a length of several mm can be formed, and 
working hours and an actuation man day can be sharply saved compared with repeat actuation of a spot exposure. 

[0040] Clear glass is sufficient as the expander used here or lenses, and the lieberkuhn may be used for them. 
[0041] Moreover, a cylindrical lens can also be used as an expander lens. In this example, since a beam is 
expanded in the shape of a cone by the expander and it condenses in the shape of a straight line later, optical 
straight line-like power is not uniform. Then, what is necessary is to use a cylindrical lens for an expander, in 
order to make optical power of a straight line-like focus uniform, and just to adjust the cylindrical lens and optical 
axis for condensing. 

[0042] Drawin gJ, is beta-FeSi 2 which shows the 3rd example of this invention. It is the mimetic diagram of the 
electrode formation equipment of an element. 

[0043] The graphic form often seen to a photo sensor also in a device electrode pattern is the electrode of a circle. 
This graphic form is a time-consuming graphic form, when making only from straight line migration of the beam 
spot, and it needs to repeat fine X-Y migration. This example tends to create the circle portion by one laser 
radiation. 

[0044] That is, the lens 24 for considering as a collimated beam is put on the place which fully extended the laser 
beam 27 discharged from the source 28 of laser like the 2nd example using the expander lens 26 (refer to drawing 
4). 

[0045] In this example, Fresnel lens 30 is put on the place where the collimated beam further fully spread. This 
Fresnel lens 30 has the structure where that center and the radial cross section between circumference **** carry 
out the same actuation as a convex lens. For example, the light which carried out incidence to the portion 27 
which corresponds on the right of the center of Fresnel lens 30, or 31 is condensed by point 41 A. 
[0046] Moreover, the light which carried out incidence to the portion 32 equivalent to left-hand side connects a 
focus to the location of point 41B. Since the slot 33 of Fresnel lens 30 is constituted from a center of the lens 30 
by the concentric circle, the light which carried out incidence to Fresnel lens 30 condenses it so that it may 
become circle-like in a focal location. It is beta-FeSi 2 to this focus. If the semiconductor film 40 is arranged, the 
metal part 42 of the shape of a circle of magnitude required of a one-time exposure can be formed, and this will 
carry out the duty of an electrode. 

[0047] Thus, according to this invention, the condensing point of a circle configuration can be changed into a 
metal, it can consider as an electrode, and working hours and an actuation production process can be sharply 
saved compared with repeat actuation of the conventional spot exposure. 

[0048] Clear glass is sufficient as the expander used here or lenses, and a reflecting mirror may be used for them. 
[0049] As a device for creating a pattern electrode with sufficient working efficiency by the laser beam until now, 
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although one cylindrical lens and Fresnel lens have been used, it is also possible to make the pattern which 
combined the curve and the straight line, combining these two or more. In order to perform actual electrode 
manufacture, the sample board attached in the stage is moved in all directions, and it is processed combining the 
above-mentioned pattern. 

[0050] Furthermore, additional coverage is in laser power, the time-consuming method which constitutes an 
electrode pattern from combination of a line if powerful is not taken, but the mask of the electrode pattern of a 
wish is created, the graphic form is directly projected on a semiconductor film surface with a lens, and if the 
irradiated portion is metalized, it is also possible to obtain the electrode of hope by exposure once. 
[0051] Moreover, energy required for heating is 10+6 W/cm2 for heating the number 10-micrometer field of radii 
at about 1000 degrees C, although it changes with the rate of light absorption of an irradiated material, thermal 
conductivity, the melting point, specific heat, etc. Energy density is required and it is good in a short time of a 
second unit. If a beam diameter is the usual laser which is l-2mm, there should just be an output which is several 
W. 

[0052] Beta-FeSi 2 Since the rate of light absorption is as high as 10+5, and thermal conductivity is very low as 
used for thermoelectric material when it receives and Nd:YAG laser with a wavelength of 1.06 micrometers is 
used, heating the minute field of the diameter of 50 micrometer at about 1000 degrees C should just irradiate 
output 10W light for several seconds. 

[0053] In addition, this invention is not limited to the above-mentioned example, and based on the meaning of 
this invention, various deformation is possible for it and it does not eliminate these from the range of this 
invention. 
[0054] 

[Effect of the Invention] As mentioned above, according to this invention, the following effects can be done so as 
explained to details. 

[0055] (A) Beta-FeSi 2 Alpha-Fe 2 Si5 which heating cooling of some thin films is extracted and carried out for a 
laser beam, and is a metal phase about the portion In case actuation of converting into a phase is performed and it 
considers as an electric conduction electrode, since the electrode which metalized the point which separated 
enough without piling up the adjacent point, and finally continued was formed, an open circuit does not take 
place. 

[0056] (B) Since the continuous straight line and the continuous circle were once created with heating without 
connecting a small spot, do so the effect of ending for a short time although an electrode pattern is created. 

[Translation done.] 
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CLAIMS 



[Claim(s)] 

[Claim 1] Beta-FeSi 2 of a semiconductor Are the electrode formation method of an element and it sets in 
atmospheric air or an inert gas ambient atmosphere. Said beta-FeSi 2 It is said beta-FeSi 2 by heating all or a part 
of material-list side portions. It is alpha-Fe 2Si5 about a material. Phase transition is carried out to a metal phase. 
Then, a source of heating is applied to one on the surface of a sample put on a stage when cooling this portion 
that carried out phase transition, returning to a room temperature and making it a conductive good electrode, and 
it is alpha-Fe 2 Si5. A location which phase-izes and then is heated without making it a connected adjacent 
location By cooling of a point which was made to move a source of heating to one point of a location left, so that 
heat did not spread, heated, and was heated previously in the meantime Beta-FeSi 2 characterized by performing 
heating/metalization and forming an electrode pattern of a request of actuation of this heating cooling with a 
repeat by connection of a metalization portion by subsequently applying a source of heating in contact with an 
already cooled point An electrode formation method of an element. 

[Claim 2] Beta-FeSi 2 of a semiconductor Are the electrode formation method of an element and it sets in 
atmospheric air or an inert gas ambient atmosphere. Said beta-FeSi 2 It is alpha-Fe 2 Si5 by heating all or a part 
of material-list side portions. Phase transition is carried out to a metal phase. Then, in case this portion that 
carried out phase transition is cooled, and it returns to a room temperature and is made a conductive good 
electrode After expanding a laser beam with a beam expander and considering as a parallel ray using a lens, A 
beam is condensed in the shape of [ thin ] a straight line using a cylindrical lens, and it is beta-FeSi 2 to a focal 
location of the shape of this straight line. A material is placed and heated and it is alpha-Fe 2 Si5. Beta-FeSi 2 
characterized by forming a metal phase and forming a straight line-like electrode pattern An electrode formation 
method of an element. 

[Claim 3] Beta-FeSi 2 according to claim 2 Beta-FeSi 2 characterized by constituting so that power distribution 
of the shape of a straight line when condensing in the shape of a straight line by using said cylindrical lens in an 
electrode formation method of an element as a lens of a beam expander to which said laser beam is expanded 
may become uniform An electrode formation method of an element. 

[Claim 4] Beta-FeSi 2 of a semiconductor Are the electrode formation method of an element and it sets in 
atmospheric air or an inert gas ambient atmosphere. Said beta-FeSi 2 It is alpha-Fe 2 Si5 by heating all or a part 
of material-list side portions. Phase transition is carried out to a metal phase. Then, in case this portion that 
carried out phase transition is cooled, and it returns to a room temperature and is made a conductive good 
electrode After expanding a laser beam with a beam expander and considering as a parallel ray using a lens, A 
Fresnel lens with which image formation in a focus serves as a circle is used, and it is beta-FeSi 2. Exposure 
heating of the material-list side is carried out, and it is alpha-Fe 2 Si5 about a portion of this exposure heating. 
Beta-FeSi 2 characterized by forming a metal phase and considering as a circle-like electrode pattern An 
electrode formation method of an element. 

[Claim 5] Beta-FeSi 2 of a semiconductor which is equipped with the following and characterized by forming an 
electrode pattern of a request of actuation of said heating cooling with a repeat by connection of a metalization 
portion It is electrode formation equipment of an element and they are (a) atmospheric air or an inert gas ambient 
atmosphere. Said beta-FeSi 2 A means to heat all or a part of material-list side portions (b) By this means to heat, 
it is said beta-FeSi 2. It is alpha-Fe 2 Si5 about a material. Phase transition is carried out to a metal phase. Then, a 
source of heating is applied to one on the surface of a sample put on a stage when cooling this portion that carried 
out phase transition, returning to a room temperature and making it a conductive good electrode, and it is alpha- 
Fe 2 Si5. A location which phase-izes, next is heated without making it a connected adjacent location A means to 
perform heating/metalization by subsequently applying a source of heating in contact with an already cooled 
point by cooling of a point which was made to move a source of heating to one point of a location left, so that 
heat did not spread, heated, and was heated previously in the meantime 

[Claim 6] It has the following and is beta-FeSi 2 to a focal location of the shape of a straight line of (d) this 
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cylindrical lens. A material is placed and heated and it is alpha-Fe 2 Si5. Beta-FeSi 2 of a semiconductor 
characterized by forming a metal phase and forming a straight line-like electrode pattern It is electrode formation 
equipment of an element and they are (a) atmospheric air or an inert gas ambient atmosphere. Said beta-FeSi 2 A 
means to heat all or a part of material-list side portions (b) By this means to heat, it is said beta-FeSi 2. It is alpha- 
Fe 2 Si5 about a material. A beam expander to which a laser beam is expanded in case phase transition is carried 
out to a metal phase, and a portion which carried out this phase transition after that is cooled, and it returns to a 
room temperature and is made a conductive good electrode (c) A cylindrical lens which condenses a beam in the 
shape of [ thin ] a straight line after making into a parallel ray a laser beam expanded by this beam expander 
using a lens 

[Claim 7] Beta-FeSi 2 according to claim 6 Beta-FeSi 2 characterized by constituting so that power distribution 
of the shape of a straight line when having said cylindrical lens in electrode formation equipment of an element 
as a lens of a beam expander to which said laser beam is expanded, and condensing in the shape of a straight line 
may become uniform Electrode formation equipment of an element. 

[Claim 8] Beta-FeSi 2 of a semiconductor Are electrode formation equipment of an element and it sets in (a) 
atmospheric air or an inert gas ambient atmosphere. Said beta-FeSi 2 A means to heat all or a part of material- list 
side portions, (b) It is said beta-FeSi 2 by this means to heat. It is alpha-Fe 2 Si5 about a material. Phase 
transition is carried out to a metal phase. Then, a beam expander to which a laser beam is expanded in case this 
portion that carried out phase transition is cooled, and it returns to a room temperature and is made a conductive 
good electrode, (c) After making into a parallel ray a laser beam expanded by this beam expander using a lens, It 
has a Fresnel lens with which image formation in a focus serves as a circle, (d) this Fresnel lens is used, and it is 
beta-FeSi 2. Exposure heating of the material-list side is carried out. It is alpha-Fe 2 Si5 about a portion of this 
exposure heating. Beta-FeSi 2 characterized by forming a metal phase and considering as a circle-like electrode 
pattern Electrode formation equipment of an element. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the mimetic diagram of the electrode formation equipment in which the 1st example of this 
invention is shown. 

[DrawingJQ It is principle drawing explaining the phenomenon at the time of metalizing with iron, the two- 
dimensional state diagram of silicon, and heating. 

[Drawing 3 ] Beta-FeSi 2 which shows the 1st example of this invention It is explanatory drawing of the electrode 
formation method of an element. 

[Drawing 4] Beta-FeSi 2 which shows the 2nd example of this invention It is the mimetic diagram of the 
electrode formation equipment of an element. 

[Drawin gJQ Beta-FeSi 2 which shows the 3rd example of this invention It is the mimetic diagram of the 
electrode formation equipment of an element. 
[Description of Notations] 

1 Sample Board 

2 Electrode Pattern 

3 Hot Spot 

4 Condenser Lens 

5 25 Mirror (reflecting mirror) 
6, 24A, 27 Laser beam 

7 Beam Switch 

8 28 Nd: YAG laser (source of laser) 

9 Computer 

10 Stage 

1 1 Absorber 

21 40 Beta-FeSi 2 Semiconductor film 

22 Focal Straight Line-like Location 

23 Cylindrical Lens 

24 Lens for Considering as Parallel Ray 
26 Expander Lens 

30 Fresnel Lens 

31 32 Portion 

33 Slot on the Fresnel Lens 

41A,41B Point 

42 Circle-like Metal Part 



[Translation done.] 
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* NOTICES * 

" ft 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing^] 
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[Drawing 5] 
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